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INHERITANCE OF INDUCED DOMINANT AND RECESSIVE
GENETIC MALE-STERILE MUTANTS IN RICE (ORYZA SATIVA L)

X ZHU' and J. N. RUTGER?
SUMMARY

of southem US rice cultivars. Inheritance of these mutants was studied through
progeny ftests in My M or M; generations and through fertility characterization of
pollen and spikelets at Stuttgart, Arkansss For mutants Kaybonnet 1789 and Orion
1783, progenies from fertile plants in segregating rows were all fertile, and progenies
nfm-ﬁhpmw{fnﬂmlmmhﬁnﬂuﬂﬂmmﬂmh
each mutant was controlled by a single dominant gene. The other male sterile, Cypress
1819, was inherited as a single recessive gene, giving a good fit to a 3 fertile: | sterile
ratio in nine segregating families. The two dominant male steriles showed partial
puumlbmﬁmwﬁtchmwmqmm?,wmhu pollen
abortion. Seed set on steriles under open pollination was 32.9% for Kaybonnet 1789,
27.4% for Orion 1783, and 8.1% for Cypress 1819, while bagged seed set averaged
0.3, 3.5, and 0%, respectively. The usefulness of the dominant mutants for facilitating
recurrent selection programs is discussed.
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More than 70 genes for genetic male sterility and 35 combinations of cytoplasmic-
genetic male sterility have been reported in rice (Kinoshita, 1997: Singh and Virmani,
1990). The wild abortive (WA) cytoplasmic-genetic male sterile has been very useful in
hybrid rice production in China (Yuan et al, 1994). Among the genetic male steriles,
photopericd-sensitive genetic male steriles (pgms) and temperature-sensitive genetic male
steriles {m}mmmw&rmwmdhybﬁd rice, whereas the
umerchsﬁcmﬂemrﬂuhavebumpmfwfadﬂmﬁngamﬁngmpopuhﬁon
improvement schemes such as recurrent selection and backcross breeding in self-pollinating
crops (Rutger and Shinjo, 1980; Sorrells and Fritz, 1982).

Male sterility in rice can be easily induced by irradiation (Rutger, 1992), and
usually is controlled by one recessive gene. Although recessive male sterility can be used
ﬁrmpmdﬁnnimmdomjmmgﬂqbpmam;ummyw
in every generation, versus only every second generation for recassives (Sorrells and Fritz,
1982). Dominant male steriles have been reported in cotton (Bowman and Weaver, 1979),
wheat (Deng and Gao, 1982; Sasakuma et al., 1978), millet (Hu et al, 1986), and rics (Yan
et al., 1989). This paper reports the discovery of two new dominant male steriles in
rice induced by gamma-rays, as well as a typical recessive male sterile.
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MATERIALS AND METHODS

Thmemkneruummu,ind:ndinm?ﬂmw?ibymm-imdiaﬁnn,
mMuSmMuWhhhﬁmﬁmu{MUS

WﬁommmmmmbyMngpmgmyuﬁarﬁlephm: In some
families, apparent segregation ratios of 1 fertile: | near-sterile (hereafter referred to as

Inlﬂﬂﬁmammmchhiﬂmplmmdwiththem&mpmidcofa
plant from the previous generation. Thenumbmnfmuemdnmﬂepaniclapcrhiu
mcmmm:udmmcpuﬂdumulmfarm:wﬂpmgmminhrkmm.m
May 13-14,1997, the seeds from cach panicle were dry-sown in a 15-hill row 4.5 m long,
with two or three seeds per hill. The rows were 0.3 m apart. Following permanent
ﬂoodingun:mumhlamr.mhhiﬂmlhinmdmun:pla.mnndthnmsmdﬁngswm
discarded or transplanted to vacancies between the hills. Thus, the final spacing between
plants sometimes was 0.15 m,mdalmmaﬂm'shﬁmremmlﬁplanu. As marurity
approached, plants were scored as fertile if their panicles drooped and sterile if the
panicles remained erect. In these populations, the difference between fertile and sterile
plautsmdisdnc:.wiﬂafcrdiephnugm;ﬂyhaﬁngmﬂmmlmﬂaﬂ%ufﬂum.
mdncﬁlaphnuwuingH%mfcmeﬂﬂnmﬂwdﬂ:mjmdinmbwqm
seed set counts. hul:nuﬂephnunfmchmmidmﬁﬁcdmmcﬁddbymmapcmd
m!nrnfanﬂm;wmmmimdfmpaﬂm&mﬁxy.umadbﬂ-mmim, Sterile
planmaisnnmmmmdinm:gmnnhnuunrgmwﬂmhambcrfurﬁmhﬂpaﬂenstaining
studies. Before anthesis, 8-10 spikelets which had opened that day, or would be opening
on the next day, were collected and fixed in FAA solution [formalin (10 mL) + glacial
acetic acid (5 mL) + 95% ethyl alcohel (50 mL) + water (35 mL)]. Four spikelets were
randomly taken from the sample, then six anthers were squashed on a slide and observed
for pollen stainability in a drop of 1% I-KI solution. Approximately 500 to 700 pollen
grains of each mutant were observed. Each spikelet sample was examined in two fields at
200x enlargement with an Olympus BX50F microscope.

In each mutant, thres panicle rows which were segregating for fertility were
examined for seed set rates by sampling randomly one panicle per plant from both fertile
and sterile plants. After harvest the se=d set percentages were determined in all panicles
of steriles and in random panicles of five fertiles per row. Five panicles of male sterile

plants, recognized by the shape and color of anthers in the field. were bagged to determine
the frequency of selfed seed setting.

To further confirm the segregation ratios, appropriate progeny tests were
conducted in the 1997/98 Puerto Rico winter nursery, and in the 1998 Stuttgart nursery,
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RESULTS

The numbers of fertile and sterile plants observed for the thres mutants in the
1997 Arkansas nursery are shown in Table 1. For Kaybonnet 1789 and Orion 1783, the
uﬂkpﬁngdmhfuﬁl:mnkkmm&lﬁh.mfarmneﬂummthcﬂl
pmmpmﬁmmmoﬂmlm,wmmhmmmm
contamination during planting. Th:numbu:dﬁnﬂemdmﬂephnuinlhcpmmuf
the Kaybonnet lTSﬂﬂuihpnniduchdyﬁmd:lhﬂh:lmﬂnmﬁo.whﬂmmﬂ
mpﬁunuﬁninlhepmpnynf&ionl?ﬁEIppmhndl:l,hn:huwadl:lsntﬂnnt
excess of sterile plants. A segregation ratio of | fertile: 1 sterile indicates the control of
ma]estm’liwhyaﬁnglednmmmg:m.mthnmmphnumﬂuﬁhmdbﬁwphnu
are sterile. Allpolhnirm,udhmmopm-pouinmdmﬂuwiﬂmm 1:1. The
pmgenynffarﬁ]npmiclmoprrmISIFﬂmwdﬁnmnwﬁnghuh.ﬂuﬂdamﬁauf
ltﬂu&rﬁltmmlmmnmﬁﬁngﬁnrfcrﬁlityudmiﬁt}r. Within the segregating rows,
thnnumbmu:t‘ferﬁlundmrﬂaplanmﬁundﬂ:lmﬁu,lhmdn;thauh:mﬂutaﬁ]itynf
mutant Cypress1819 was controlled by a single recessive gene.

Table 1. Segregation for fertility and sterility in the pedigrees of three male sterile rice

mutants. 2

Mutant name and |No. of panicles No. of offspring |Expected

test generations  |sampled (1/plant) Fertile |Sterile |ratio Goodness of fit y

Kaybonnet 1789 |Fertile 13 329 o

Ma/Ms Sterile 32 398 393 1:1 0.75 <P <090

Orion 1783 Fertile 18 (489 |2

(MM, Sterile 16 140 185 i1 0.01 <P <0.025

Cypress 1819 Fertiles from

M./M; segregating  |12'  |171 |66 3:1 0.25<P<0.50
families

‘mumnmdmm&mmmmmmmumu,mmemuummi
whereas the expected numbers were 4: 8. With Yates' correction, the goodness of fit y* = 0.8,
0.50<P<0.75.

Male sterile plants in segregating populations of all three mutants could be
recognized in the field by the shape and color of their anthers. The anthers of Kaybonnet
1789 and Orion 1783 were nearly normal in length and width, but the yellow coloration
was a litle whiter than fertile anthers. Cypress 1819 had tiny white anthers. The
percentages of stainable pollen of the thres mutants are shown in Table 2. Pollen staining
of each mutant expressed similar trends in the three environments. Mean pollen staining
of the original parents ranged from 83.9 1o 87.8% Mutants Kaybonnet 1789 and Orion
1783 had similar mean staining rates of 44.1 and 47.8% respectively. Although definitive
studies remain to be done, it is the general cbservation of the authors that rice anthers with
only half stainable pollen do not dehisce as readily as normal anthers. Pollen staining of
Cypress 1819 was only 2.2%. Using the criteria of Lu and Rutger (1984), mutants
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Kaybonnet 1789 and Orion 1783 were classified into the partial pollen abortion (PPA)

typu,and@pmlﬂl?hdnnpdmthcmmplmpoumaburﬁnnm?mrype.

Table 2. Stainability of the pollen of single plants of three male sterile mutants and their
parents sampled from the field, greenhouse and growth chamber.

Mutants and Percent pollen lu.h:u‘n;_

parents Field Greenhouse  Growth chamber Mean'
Kaybonnet 874 882 878
Kaybonnet 1789 4.7 40.6 47.1 44,1
Orion 823 914 86.8
Orion 1783 456.5 41.1 559 478
Cypress 85.7 822 839
Cypress 1819 ™ 2.5 38 0.4 2.2

‘memmmmm&mwmmfwmmMuhmwu.

Themnmdutmuuﬂh:pumumdﬁuﬂlemdmrﬂemmnfmh
mutant are shown in Table 3. Parent seed sets ranged from 89.0 to 95.4%. The fertile
ugmgmuufthemmuhadsmdmmo!ﬂ.?mﬂ.?%.whichwa“im.ua:m,nr
approached, the parental rates. Thnnuihxmpnummedumesmuhiylmﬂ:m

parents and fertile groups, particularly for Cypress 1819, Bagged selfing rates of the three
mutants were considerably lower than the open-pollinated rates.

Table 3. Percentage of spikelets setting seed in three male sterile mutants and their

parents in the field
Mutants and parents Fertility type Mean percent seed set
Unbagged Bagged
Kaybonnet fertile 95.4 232 (3
Kaybonnet 1789 fertile 89.9£293 (1%
sterile 32.9 = 4.08 (33) 0.3 (%)
Orion fertile 915453 (1)
Orion 1783 fertle 81.9=7.04 (15
sterile 274 =3.04 (30) 3.5(5)
Cypress fertile 390=267(3)
Cypress 1819 fartile 889065(1%
sterile 8109 (1N 0 (5
" Number of panicles examined.

In the 1997/98 Pueno Rico progeny tests of five open-pollinated, sterile
Kaybonnet 1789 plants from the 1997/98 Stuttgart segregating M population, all families
gave | fertile: 1 sterile segregations. The progeny of 25 fertile and 29 sterile plants from
the M; Puerto Rico rows were grown in the 1998 Stuttgart nursery, where the fertile plants
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gave only fertile progeny, and the sterile plants segregated 1:1. A census sample of five
M, segregating rows gave 36 fertile: 39 sterile plants, a satisfactory fit ( 0.50 < P < 0.75)
to the expected 1:1 ratio for dominant male sterility.

All four of the My Orion 1783 families grown in Puerto Rico in 1997/98 from
seed of sterile M, plants gave apparent | fertile: 1 sterile segregations. Open-pollinated
seeds from 11 fertile and 12 sterile M, plants were grown in the 1998 Stuttgart nursery,
where the offspring of fertile plants were all fertile, and the offspring of sterile plants
segregated in 1:1 ratios. A census sample of 6 segregating M, rows gave 31 fertile: 35

sterile plants, which satisfactorily fitted (0.50 < P < 0.75) the expected 1:1 dominant male
sterile ratio.

Five of the fertile M plants of Cypress 1819 in the 1997 Stuttgart nursery gave
progeny which segregated 3 fertile: | sterile plants in the Mg generation. Among the 40
selfed families from fertile plants in segregating My families, the observed segregation was
12 all-fertile: 28 segregating families, a satisfactory fit (0.50 < P < 0.75) to the ratio of 1
fertile: 2 segregating families expected of a recessive male sterile.

__ DISCUSSION

Most importantly, the present study documented the discovery of two dominant
genetic male steriles. This is only the second report of dominant male sterility in rice,
The rarity of dominant male sterility is in contrast to the frequent occurrence of recessive
male sterility. Untl appropriate allelism tests are done, it is not known if these two
mutants are different from each other and from the previously reported dominant mutant,
The excess of steriles in the open-pollinated progeny of My and M, male sterile plants of
Orion 1783 may be due to the greater viability of Ms eggs, or perhaps to a low level of
self-pollination. No dehiscence of the anthers of either Kaybonnet 1789 or Orion 1783
was observed, but a low level may have remained undetected.

Dominant male steriles are especially interesting because they are much more
useful than recessive male steriles for expediting recurrent selection schemes. Dominant
male sterility reappears in the first generation after crossing, whereas recessive male
sterility does not reappear until the second generation. The two dominant male steriles in
the present study, Kaybonnet 1789 and Orion 1783, also showed considerable unbagged
seed set, indicating that outcrossing occurred readily in these two sources. Therefore, both
mutants would be suitable for generating high rates of outcrossing and recombination in
large scale population improvement programs.

A classical recessive male sterile, Cypress 1819, also was reported in this study,
primarily as a reference type. During the course of these investigations, many apparent
recessive male steriles were induced but their inheritance was not pursued because
numerous recessive male steriles of rice were already available from previous studies
(Kinoshita. 1997; Rutger, 1992).
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